Synthesis and characterization of NU-1000
The NU-1000 MOF was synthesized by following the reported method. S1 Powder X-ray diffraction (PXRD) data were collected on a Rigaku model ATX-G diffractometer equipped with a Cu rotating anode X-ray source. N 2 sorption isotherm measurements were performed on a Micromeritics Tristar II 3020 (Micromeritics, Norcross, GA) at 77 K. Between 30 and 50 mg of material was used for each measurement. Scanning electron microscopy (SEM) images and energy dispersive spectroscopy (EDX) profiles were collected on a Hitachi SU8030. Samples were activated and coated with OsO 4 to ~8 nm thickness in a Denton Desk III TSC Sputter Coater (Moorestown, NJ) before SEM imaging.
Adsorption of carbohydrates on NU-1000
In this adsorption study, four carbohydrates were tested: glucose; cellobiose; maltose; and lactose (Sigma). An aqueous stock solution with high concentration of carbohydrate was initially prepared in a volumetric flask and was used as prepared or after dilution in Milli-Q water (18 MΩ cm). For glucose and cellobiose, 10 mg of NU-1000 was dispersed in 10 mL of the stock solution, and in the case of maltose and lactose, 5 mg of the material was used in 1.5 mL of the stock solution. The suspension was ultrasonicated for 1 min to disperse NU-1000 well, vortexed for at least 90 min at 297 K, and then filtered with a syringeless filter device Mini-UniPrep equipped with a polytetrafluoroethylene membrane (0.2 μm mesh, Whatman). The filtrate was diluted 3-5 times in distilled water. The amount of residual carbohydrate in the filtrate was quantified by highperformance liquid chromatography (HPLC, Shimadzu, Prominence HPLC System, refractive index detector) equipped with an Aminex HPX-87H column (Bio-Rad, ø7.8 × 300 mm, mobile phase: 5 mM H 2 SO 4 0.6 mL min -1 , column temperature: 323 K). The subtraction of mass of carbohydrate quantified by HPLC from that of carbohydrate charged provided a value of sugar uptake. After the filtration, the solid phase was dried and analyzed by N 2 sorption measurement at 77 K, PXRD measurement, and SEM (vide supra) after washing with distilled water three times, washed with acetone three times, and dried in air.
Adsorption isotherms for carbohydrates (Fig. 1) were quantitatively analyzed by the reported method for adsorption process in an aqueous solution. S2,S3 Type II adsorption follows the BET equation, but the equation can be approximated to be eqn (S1) at low c/c sat .
(S1) where R is the gas constant and T is the adsorption temperature. ΔΔG 1 is defined by eqn (S3) . (S3)     particle -sugar -adsorption particle -n desolvatio pyrene -sugar -adsorption pyrene -n desolvatio 1 In eqn (S3), we reference two different processes: (i) desolvation of water molecules from pyrene unit and sugar molecule in aqueous solution (ΔG desolvation-pyrene ), followed by sugar molecule adsorption on the pyrene unit (ΔG adsorption-sugar-pyrene ) and (ii) desolvation of water molecules from sugar particle and sugar molecule in aqueous solution (ΔG desolvation-particle ), in addition to sugar molecule adsorption on the particle (ΔG adsorption-sugar-particle ). Assuming ΔG desolvation is the same for the pyrene unit and particle, it follows that the value of (ΔG desolvation-pyrene -ΔG desolvation-particle ) is approximately zero. Accordingly, (S4) particle --sugar adsorption pyrene --sugar adsorption 1
Hence, ΔΔG 1 is equal to the Gibbs free energy change in sugar adsorption on the pyrene unit, based on sugar adsorption on the particle as a reference state. Then, from the inset in Fig. 1 , the values of ΔΔG 1 for cellobiose and lactose have been calculated to be -9.5 and -7.8 kJ mol -1 , respectively, indicating that lactose adsorption on NU-1000 is thermodynamically similar to cellobiose adsorption.
Density Functional Theory calculations
As a model representing the interaction between each adsorbate and NU-1000, a cluster formed by the adsorbate and the 1,3,6,8-tetrakis(p-benzoate) pyrene unit (Fig. S7a ) of NU-1000 was considered.
The adsorbate molecules are β-glucose (Fig. S7b ) and cellobiose (β-anomer, Fig. S7c ). Initially, we optimized the structure of the individual adsorbates and pyrene unit separately and then the structure of the supersystems (adsorbate plus pyrene unit, Fig. S8 ). Four hydrogen atoms were added to the unit to keep an electro-neutrality of the system and only the carbon atoms of carboxylate groups were kept fixed during the geometry optimization of the systems to maintain a rigidity of the MOF structure.
For β-glucose and cellobiose substrate, full geometry optimizations were performed at the PBE-D3, S4,S5 M06-2X, S6 and M06-L S7 levels of theory as implemented in the Gaussian 09 software. S8 The pyrene unit was obtained from a previously optimized structure using periodic DFT. S9 The def2-TZVP S10 basis set functions were used for all the atoms (C, H, and O atoms) . Frequency calculations were performed to verify the nature of the stationary points. Gibbs free energies (∆G) and enthalpies (∆H) at 298.15 K were computed by adding zero-point vibrational energies, and thermal vibrationalrotational entropy using the quasi-harmonic approximation. Solvation effects were included for all systems using the SMD implicit solvation model with water as a solvent by performing single-point calculations or geometry optimization in the cases this is specified. S11 Additionally, single-point calculations with different functionals were performed on the PBE-D3/def2-TZVP gas-phase optimized geometries. The functionals under consideration were the B3LYP-D3, S5,S12 M06-HF, S6 PBE0-D3, S12,S13 PBE-D3, M06-L, and M06-2X, with a basis set including an additional polarization function (def2-TZVPP). The extra polarization functions are important for the accurate description of non-covalent interactions. Solvation effects were applied in all higher-level single-point calculations. The pore-volume degreases at c/c sat = 0.52 and 1.04 are determined to be 0.36 and 1.13 cm 3 g NU-1000 -1 , respectively. These values are close to the volumes that the adsorbed cellobiose possesses if it has a crystalline state density (0.53 cm 3 g NU-1000 -1 at c/c sat = 0.52 and 1.32 cm 3 g NU-1000 -1 at c/c sat = 1.04). S14
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Fig. S3
Pore size distribution of NU-1000 before and after cellobiose adsorption. concentration (c, unit: g L -1 ). Data were taken from previously reported adsorption isotherms. S17 level of theory.
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Fig. S11
Optimized geometries of the supersystem models, calculated using the PBE-D3 functional, including solvent effects. The structure of cellobiose-pyrene (configuration 1) is shown in Fig. 3 . The green circles represent CH groups facing pyrene unit, and the blue circles highlight OH groups interacting with the unit. Legends: black = carbon atoms of pyrene unit; grey = carbon atoms of carbohydrate; red = oxygen atoms; and white = hydrogen atoms. and configuration 2 (see Fig. S9 ). b Difference between cellobiose and β-glucose. and configuration 2 (see Fig. S9 ). b Difference between cellobiose and β-glucose.
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To investigate the DFT functional sensitivity of the interaction between carbohydrates and the pyrene unit, we performed single point calculations at the PBE-D3/def2-TZVP gas phase optimized geometries. Six different functionals, namely B3LYP-D3, M06-2X, M06-HF, M06-L, PBE0-D3, and PBE-D3, with the def2-TZVPP basis set for all atoms were tested including solvent effects. The calculated energies are shown in Table S2 . The three functionals with the empirical D3 correction (PBE-D3, PBE0-D3, and B3LYP-D3) predict ΔG from 0.4 to −1.6 kcal mol -1 for β-glucose, and from -4.3 to -6.3 kcal mol -1 for cellobiose. These functionals containing dispersion correction have shown to describe correctly dispersive effects for similar systems. S18,S19 The corresponding values from the M06-L, M06-2X, and M06-HF functionals are significantly higher. Overall, the relative energy differences (ΔΔG , Table S2 ) between cellobiose and glucose for functionals with 0 to 25%
Hartee-Fock (HF) exchange is on average ~4.9 kcal/mol. On the other hand, larger HF percentage underestimates ΔΔG (-2.4 kcal mol -1 for M06-2X and -0.7 kcal mol -1 for M06-HF). Thus, functionals with a higher contribution of HF exchange underestimate the binding energies of cellobiose, resulting in small differences in the monomer and dimer binding energies.
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